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POLYNOMIAL GENERATION METHOD FOR 
CIRCUIT MODELING 

TECHNICAL FIELD OF THE INVENTION 

This invention relates to the ?eld of circuit modeling and, 
more speci?cally, to a polynomial generation method for 
circuit modeling. 

BACKGROUND OF THE INVENTION 

To model delay in electronic circuits and devices, such as 
logic cells, delay models can be used. A commonly used 
methods to model delay or other device characteristics is the 
non-linear delay model (NLDM), developed by Synopsys, 
Inc. of Mountain View, Calif. The NLDM uses look-up 
tables indexed by sample points and utiliZes bilinear inter 
polation to ?nd delay within a certain domain. These look 
up tables form libraries that de?ne the structure, function, 
timing, and environment of the circuits and devices. The 
NLDM, while useful for many circuits, fails to take into 
account voltage and temperature effects in a single library. 
Additionally, large tables are required to support higher 
accuracy model calculations. 

As an improvement to the NLDM, a scalable polynomial 
delay model/scalable polynomial power model (SPDM/ 
SPPM) has been introduced. In the SPDM/SPPM, the 
lookup tables of the NLDM are replaced by scalable poly 
nomials to model delay/power. Scalable polynomials are 
polynomials that can have both their order and form scaled 
to ?t the data. In a SPDM/SPPM system, the data results 
achieved through simulation of a device can be curve ?tted 
to an n-dimensional polynomial, which can be save as a 

Liberty library for further use in modeling the device. An 
advantage of the SPDM/SPPM system is that the stored 
polynomials typically take less memory to save as compared 
to the lookup tables used in the NLDM system. In addition, 
the SPDM can include temperature and voltage as additional 
dimensions. 

One drawback to the use of SPDM/SPPM is that the 
derived curve may have a large error as compared to actual 
results. For example, while a given polynomial may be 
successful curve ?tted to a given data set, other points 
outside the data set can lie far from derived polynomial 
curve. This error is known as over?tting. Over?tting typi 
cally becomes worse the higher the order of the polynomial 
that is used to curve ?t the data set. One way to minimiZe 
over?tting is to increase the number of data points in the data 
set before curve ?tting. Another way to minimiZe over?tting 
is to use lower order polynomials to curve ?t the data. 

Thus, current SPDM/SPPM systems have a tradeolf in 
terms of accuracy and throughput. In order to increase 
accuracy of a curve ?t, high-order polynomials are needed 
to model the given circuit. However, the higher the order of 
the polynomial, the more likely over?tting is to occur. To 
compensate for the over?tting, more control points are 
needed to use to perform curve ?tting. The more control 
points the larger the curve ?t runtime and the lower the 
throughput. Increasing throughput requires less curve ?t 
runtime, which implies less control points. If there are less 
control points, there is a more likelihood of over?tting 
occurring. In order to compensate for the likelihood of 
over?tting, lower order polynomials are used, which reduces 
the accuracy of the model. 
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2 
BRIEF DESCRIPTION OF THE DRAWINGS 

A more complete understanding of the present invention 
may be derived by referring to the detailed description and 
claims when considered in conjunction with the following 
?gures, wherein like reference numbers refer to similar 
elements throughout the ?gures: 

FIG. 1 illustrates and exemplary system for automatic 
domain generation; 

FIG. 2 is a ?owchart illustrating an exemplary method for 
automatic domain generation; and 

FIGS. 3-10 illustrate graphs of delay space for load versus 
slew rate corresponding to the steps in the method of FIG. 
2. 

DETAILED DESCRIPTION OF THE DRAWINGS 

The following detailed description is merely illustrative in 
nature and is not intended to limit the invention or the 
application and uses of the invention. Furthermore, there is 
no intention to be bound by any expressed or implied theory 
presented in the preceding technical ?eld, background, brief 
summary or the following detailed description. 

FIG. 1 illustrates an exemplary embodiment of a system 
100 for automotive domain generation. In FIG. 1, the system 
100 includes a circuit simulator 102. Circuit simulator 102 
produces a plurality of data points 104 that can be used by 
a curve ?tter 106 to determine the appropriate polynomial. 
In one embodiment, circuit simulator 102 and curve ?tter 
106 can be the same device. 

Circuit simulator 102 can be any device capable of 
modeling electronic circuits or devices. Circuit simulator 
102 can determine various data points that correspond to 
various inputs and resultant outputs of the modeled circuit or 
device. For example, in one exemplary embodiment, the 
input is the input slew and the load. The input slew is a 
measure of the time required from the input to transition 
from one state to another, such as from a ?rst user-de?ned 
threshold to a second user-de?ned threshold. The load 
measures the output capacitance of an output pin of the 
circuit. In one exemplary embodiment, the circuit simulator 
102 is a general-purpose computer operable to execute 
circuit simulation software. 
The output of the circuit simulator 102 is a set of data 

points 104. The number of data points 104 that are generated 
depends, at least in part, on the order of the polynomial that 
may be needed to model the circuit or device. 

Curve ?tter 106 generates a nth order polynomial 108 to 
model the delay and or other characteristics of the circuit or 
device. In the present invention, curve ?tter 106 utiliZes a 
domain based patch application method that can compensate 
for areas of excessive error. In one embodiment, the curve 
?tter will produce a delay mapping from input slew and 
capacitance data. Curve ?tter 106, in one exemplary 
embodiment, can be a general-purpose computer operable to 
execute curve-?tting software. The polynomial 108 can then 
be used by circuit designers when they use the modeled 
device. 

FIG. 2 is a ?owchart illustrating an exemplary method for 
deriving a polynomial for circuit modeling using a domain 
based patch optimiZation. The method of FIG. 2 can, in one 
exemplary embodiment, be performed using curve ?tter 106. 
In a ?rst step, step 202, a maximum order of polynomial to 
use to model the delay/power or other characteristic behav 
ior of the circuit or device is selected. Since the present 
invention can compensate for errors, the maximum order of 
the polynomial can be lower than that typically used to 
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derive a SPDM/SPPM solution. The order of the polynomial 
can be chosen, at least in part, to best compromise betWeen 
throughput and accuracy. 

Once the maximum order of the polynomial is chosen, in 
step 204, the derived data set is examined to determine if 
there are enough data points to generate a polynomial. If not, 
additional points can be added to the data set by use of 
bilinear interpolation. 

Next, in step 206, a curve ?t routine is run using the data 
set and the order of the previously chosen to generate the 
polynomial. In one embodiment, a loWer order polynomial 
is initially chosen and the results checked. If the results are 
Within a predetermine error measurement, then that polyno 
mial is selected. If the loWer ordered polynomial does not 
achieve desired results, the next highest order polynomial is 
selected and the process is repeated, up to the maximum 
polynomial order selected. The polynomial, in one exem 
plary embodiment, can generate a delay surface, Which is a 
three-dimensional graph of delay for corresponding input 
sleW and output load, Depending on the data used, other 
characteristic surfaces or maps can be generated. Since this 
is the start of the polynomial derivation process the domain 
count is set to Zero and the derived polynomial is associated 
With a domain region of Zero. 

The delay surface is then examined to determine if there 
are any data points in the delay surface formed by the 
derived polynomial that are beyond an error tolerance as 
compared to actual values, in step 208. In one exemplary 
embodiment, the error is determined by comparing every 
data point of the characteristic results to the interpolated 
results generated by using the polynomial. Other Ways can 
be used to set an error margin. If there are no data points in 
the curve ?tted area that exceeds an error tolerance, or if the 
amount of error points is Within an acceptable limit, the 
polynomial deriving process is ?nished and the method 
continues in step 224. 

If there are data points that exceeds an error margin, in 
step 210, the data point With the largest error margins is 
selected and the data points adjacent to that data point Which 
also exceed the error margin are selected. The collection of 
these data points forms an error area in the delay surface. 
The process of forming the error areas continues for other 
points Where there are data points exceeding an error mar 
gin. FIG. 3 illustrates a delay space 302 including a ?rst 
error area 304, a second error area 306, a third error area 308 

and a fourth error area 310. 

Next, in step 212, a patch 402 is created to cover the 
largest error area determined in step 204. While typically the 
largest error area is selected to initially curve ?t, other error 
areas can also be used initially. The patch 402 de?nes a 
domain region Where an additional curve ?t routine can be 
run. FIG. 4 illustrates a delay space having a ?rst patch 402 
positioned over the ?rst error area. While patch 402 is shoWn 
as a rectangular reason, any shape that includes the error 
area can be used, although the computational complexity 
may increase. 

In step 214, curve ?tting is done Within the patch region 
only. The domain count is increased by one and the poly 
nomial determined in step 214 is associated With the domain 
region having that domain count. Note that in the exemplary 
embodiment shoWn in FIG. 4, the ?rst patch 402 is also the 
?rst domain region While the original delay space 302, 
represents a Zero domain region. 

Next, in step 216, the points Within the ?rst patch 402 are 
checked to see if there are any data points that are beyond 
an error margin. As illustrated in FIG. 5, after the polynomial 
is derived for the ?rst patch, a ?fth error area 502 and a sixth 
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4 
error area 504 are still Within ?rst patch 402. Since there are 
still data points that are beyond an error margin, in step 218, 
additional error areas are formed and the process returns to 
step 210 Where a patch is generated to cover the largest error 
area. Then the process continues in step 212 and 214 Where 
a polynomial is determined for the patch region Within the 
patch region. The domain count is then increased by one. 
Therefore, the second patch is the second domain region. 
The result is illustrated in FIG. 6, Which shoWs a second 
patch 602 inside of ?rst patch 402. Since there are no error 
areas Within the second patch 602, the method continues in 
step 218. 

In step 218, the domain region having the largest domain 
count and an error area is determined and that domain region 
is curve ?tted again ignoring all data points in the domain 
regions having a higher domain count. Note in FIG. 6, there 
is still an error area 502 inside of the ?rst patch, Which 
corresponds to the ?rst domain count. Therefore, in accor 
dance With step 218, a neW polynomial is determined for the 
data points Within the ?rst patch While ignoring the data 
points in the second region. In step 220, it is determined if 
there are any more error areas in the current domain region. 
If there are, the process returns to step 210. In one example, 
the results can be seen in FIG. 7 that there are no more error 

areas in the second patch or the ?rst patch. HoWever, there 
are error areas in the Zero domain regions. 

If there are no more error areas in the current domain 

region, it is determined, in step 222, if there are any data 
points in any previously evaluated domain region that 
exceed an error margin. If there are previously evaluated 
domain regions Where there are data points that exceed an 
error margin, the process continues at step 218. As seen in 
FIG. 7, there are still three error areas in the Zero domain 
region. Therefore, a neW polynomial curve Will be deter 
mined for the Zero domain region, the polynomial deter 
mined Without using the data points in the ?rst and second 
domain region. The result is illustrated in FIG. 8, Where the 
error area 306 has been removed. 
As seen in FIG. 8, there are still tWo error areas in the Zero 

domain region. As discussed before, according to step 220 of 
the method, if there are error areas in the current domain 
region after determining the curve ?tting polynomial, the 
method returns to step 212 Where a patch is selected for the 
region and the patch is curve ?tted With a polynomial. In 
addition, the domain count increases by one. The result is 
illustrated in FIG. 9, Which illustrates a third patch 902, 
Which also corresponds to the third domain region. 

Still, in the Zero domain region, there is one error area, 
error area 308, remaining. Since this means there is a loWer 
domain region than the current domain region that has an 
error area (currently the calculations are being done in the 
third domain region), in accordance With step 218, a neW 
curve ?t routine is calculated Without using any data points 
from the ?rst, second and third domain regions. This cal 
culation removes the last error area and noW all data points 
are beloW an error margin, as seen in FIG. 10, and the 
method continues in step 224. 

In step 224, each domain region and the associated 
polynomial are outputted for use in a circuit analyZer. In one 
exemplary embodiment the output is in a library format. In 
this environment, the domain region that has the highest 
count is sent listed ?rst, With the other domain regions and 
associate polynomials folloWing in reverse numerical order. 

In summary, systems and methods con?gured in accor 
dance With example embodiments of the invention relate to: 
A method for generating a polynomial for use in circuit 

modeling system comprising the steps of (a) curve ?tting a 
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characteristic map, (b) determining an error area in the 
characteristic map (c) generating a patch region enclosing 
the error areas, (d) curve ?tting the patch region. The steps 
c and b can be repeated for all error areas. 

In the method the curve ?tting of step d further comprises 
using a nth order polynomial for curve ?tting; and associ 
ating the polynomial With the current domain region. Also, 
the method further comprises outputting the polynomials for 
each domain region in order of decreasing domain count. 

In one embodiment, the step of curve ?tting further 
comprises using a nth degree polynomial to curve ?t a delay 
model. Additionally, the nth order polynomial can be gen 
erated using data points generated by a circuit simulator and 
extra data points can be provided by bilinear interpolation of 
the data points from the circuit simulator. 
A system for generating a polynomial based mode of a 

circuit comprises a circuit simulator operable to generate a 
data set comprising a plurality of data points and a curve 
?tter operable to (a) determine one or more error areas in the 
characteristic map that exceed an error margin, (b) set a 
current domain count of a domain region to Zero, (c) 
determine a patch region that Will contain the error area, and 
(d) curve ?t the patch region and increasing the current 
domain count by one. Then (e) the steps d-e repeat until 
there are no error area Within the patch region. Next, the 
curve ?tter is further operable to (f) curve ?t a previous 
domain region, the previous domain region selected as a 
domain region having the highest domain count and at least 
one error area, Without using data points in any of the 
domain regions greater then the previous domain region, and 
(g) repeat steps d-e; if the previous domain region contains 
at least one error area. The curve ?tter is also operable to (h) 
select the previous domain region having at least one error 
area; and repeat the step f for all domain regions less than the 
previous domain region that has at least one error areas, until 
all error areas are removed from all domain regions. 

In one embodiment, the characteristic map is generated 
from a nth order polynomial. In addition, the characteristic 
map can be a delay map. The delay map is generated by a 
nth degree polynomial from input sleW data and output 
capacitance data. 

The curve ?tter is also further operable to determine extra 
data points by bilinear interpolation of the data points from 
the circuit simulator. Additionally, the curve ?tter is further 
operable to output the polynomials for each domain region 
in order of decreasing domain count. 
A method for determining polynomials to model circuit 

delay includes the step of determining the largest error area 
in a characteristic map. Next, a current domain count of a 
domain region is set to Zero. A patch region that Will contain 
the error area is determined. The patch region is then curve 
?tted and the current domain count is increased by one. The 
steps of repeating steps determine a patch, curve ?tting 
Within the patch, and increasing the domain count by one are 
repeated until there are no error areas Within the patch 
region. Then, a previous domain region having the highest 
domain count and at least one error area is curve ?tted 

Without using data points in any of the domain regions 
having a greater current domain count then the previous 
domain region. If the previous domain region contains at 
least one error area, the steps of determine a patch, curve 
?tting Within the patch, and increasing the domain count by 
one are repeated. The steps of curve ?tting a previous 
domain region having at least one error area and repeating 
the steps of determine a patch, curve ?tting Within the patch, 
and increasing the domain count by one, if the previous 
domain region contains at least one error area are repeated 
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6 
for all domain regions, until all error areas are removed from 
all domain regions. Additionally, the method can include 
using a nth order polynomial for curve ?tting and associat 
ing the polynomial With the current domain region. 

In one embodiment, the step of determining a plurality of 
error areas of a characteristic map comprises generating the 
characteristic map from a nth order polynomial. The method 
further comprising generating the nth order polynomial 
using data points generated by a circuit simulator and 
providing extra data points by bilinear interpolation of the 
data points from the circuit simulator. 

Further, the polynomials for each domain region are 
outputted in order of decreasing the domain count. Addi 
tionally, the step of determining one or more error areas in 
a characteristic map further comprises determining one or 
more error areas in a delay map. The delay map is generated 
by a nth degree polynomial from input sleW data and output 
capacitance data. 
The example embodiment or embodiments described 

herein are not intended to limit the scope, applicability, or 
con?guration of the invention in any Way. Rather, the 
foregoing detailed description Will provide those skilled in 
the art With a convenient road map for implementing the 
described embodiment or embodiments. It should be under 
stood that various changes can be made in the function and 
arrangement of elements Without departing from the scope 
of the invention as set forth in the appended claims and the 
legal equivalents thereof. 
What is claimed: 
1. A method for generating a polynomial for use in circuit 

modeling comprising: 
a. iteratively curve ?tting a characteristic map having a set 

of domain regions characterized by a current domain 
count Without using data points in a domain region 
having a greater current domain count; 

b. determining, for each of the domain regions, an error 
area in the characteristic map; 
repeatedly performing the steps of: 

c. generating a patch region enclosing the error area; and 
d. curve ?tting, using an nth order polynomial, the patch 

region, until there is no remaining error area in the 
patch region, Wherein the polynomial is associated With 
the domain count, Which is incremented for each patch 
region. 

2. The method of claim 1 further comprising generating 
the nth order polynomial using data points generated by a 
circuit simulator. 

3. The method of claim 2 further comprising providing 
extra data points by bilinear interpolation of the data points 
from the circuit simulator. 

4. The method of claim 1 further comprising outputting 
the polynomials in order of decreasing the domain count. 

5. A system for generating a polynomial based mode of a 
circuit comprising: 

a circuit simulator operable to generate a data set com 
prising a plurality of data points; 

a curve ?tter operable to: 
a. generate a characteristic map from the data set, 

Wherein the characteristic map has a set of domain 
regions characteriZed by a current domain count; 

b. determine an error area in the characteristic map; 
c. determine a patch region that Will contain the error 

area; and 
d. iteratively curve ?t, using an nth order polynomial, 

the patch region until there is no remaining error area 
in the patch region, Without using data points in a 
domain region having a greater current domain 
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count, and by associating the polynomial With the 
domain count, Which is incremented for each patch 
region. 

6. The system of claim 5 Wherein the curve ?tter is further 
operable to determine extra data points by bilinear interpo 
lation of the data points from the circuit simulator. 

7. The system of claim 5 Wherein the curve ?tter is further 
operable to: 

increment a patch region count each time step c and d are 
executed; and 

output the polynomials for each patch region in order of 
decreasing patch count. 

8. The system of claim 5 Wherein the characteristic map 
is a delay map. 

9. The system of claim 8 Wherein the delay map is 
generated by the nth degree polynomial from input sleW data 
and output capacitance data. 

10. A method for determining polynomials to model 
circuit delay comprising: 

a. determining an error area in a characteristic map; 
b. setting a current domain count of a domain region to 

Zero; 
c. determining a patch region that Will contain the error 

area; 
d. curve ?tting the patch region and increasing the current 

domain count by one; 
e. repeating the steps c-d until there are no error area 

Within the patch region; 
f. determining a previous domain region having the larg 

est domain count and an error area and curve ?tting the 
previous domain region Without using data points in 
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any of the domain regions having a greater current 
domain count than the previous domain region; 

g. if, after curve ?tting the previous domain, the previous 
domain region contains at least one error area, repeat 
ing steps c-e for the at least one error area; 

h. repeating the steps f-g for all domain regions less than 
the previous domain region that has at least one error 
areas, until all error areas are removed from all domain 
regions. 

11. The method of claim 10 Wherein the step of deter 
mining an error area of a characteristic map comprises 
generating the characteristic map using data points gener 
ated by a circuit simulator and a nth order polynomial. 

12. The method of claim 11 further comprising providing 
extra data points by bilinear interpolation of the data points 
from the circuit simulator. 

13. The method of claim 10 Wherein the curve ?tting of 
steps c and f further comprises: 

using a nth order polynomial for curve ?tting; and 
associating the polynomial With the domain region. 
14. The method of claim 10 further comprising outputing 

the polynomials for each domain region in order of decreas 
ing domain count. 

15. The method of claim 14 Wherein the step of deter 
mining an error area in a characteristic map further com 

prises determining an error area in a delay map generated by 
a nth degree polynomial from input sleW data and output 
capacitance data. 


